To achieve sufficient sensitivity, background noise suppression is required because of the relatively weak target signal. Background noise suppression techniques, first order, second order temporal differencing, spatial and temporal differencing, are analyzed and compared. Background noise due to both background drift and system jitter effects are calculated.
Introduction
There has been considerable amount of study to devise methods for improving the performance of the space -based staring mosaic system in order to minimize the undesired noise effect such as noise induced by relative motion between sensor and background. Most common method for combating this type of noise is temporal differencing technique.
For a severe background, temporal differencing technique is not sufficient to obtain the adequate sensitivity. A spatial -temporal differencing method which assigns the optimally weighted coefficients to the adjacent pixels in consecutive stare periods to form an effective detector signal for the purpose of taking differences is presented in this paper. Part of background motion which has occurred during the stare time can be compensated. The values of the weighted coefficients are optimized so that the clutter leakage noise through the spatial -temporal differencing is a minimum. Application to reduce the boresight errors is also analyzed.
In addition to constant motion between sensor and background, a jitter motion is also existent. Lee (1) used background and jitter correlation approaches to calculate jitter-induced clutter leakage noise. Williams (2) employed the concept of transfer functions to calculate the jitter and drift effects separately. Only single jitter frequency effect was calculated. Combined effects of jitter and drift are treated in this paper.
Total jitter frequency spectrum is considered to calculate the clutter leakage noise.
Background Suppression Techniques
The distinct characteristics between target and background is their relative motion. Thus most of the background suppression techniques are based on this difference and the operation of detection can be expressed functionally as follows: The magnitude of the clutter leakage noise is used to determine the relative effectiveness of the suppression techniques. The background scene is approximately represented by a power spectral density PSD(wx,wy) and variance oBC2.
Each operation can be represented by its spatial system transfer function. Except for the background suppression algorithm, the transfer functions of all the filter functions are well-defined.
The transfer function for the diffraction -limited optics is 
where D is the diameter of the aperture, X the wavelength and F the focal length. wx and wy are the spatial frequencies in the x and y directions, respectively. 
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The transfer function of "stare" can be expressed as wTT sin
where wT is the temporal frequency and T is the stare time. Temporal and spatial frequencies can be related where Vx and Vy are the background velocities in the x-and y-directions, respectively.
Two different background suppression techniques, temporal differencing and spatial -temporal differencing, Fill be discussed as follows.
Temporal Differencing
Frame -to -frame differencing is well known (2) A spatial -temporal differencing optimized for linear filtering constraint is developed.
Using the method of undetermined multipliers, derivation of the transfer function for spatial -temporal differencing is shown in the appendix. If there is a relative motion between background and sensor, the radiance measured at the center pixel in the three different frames are not equal.
Thus, the second temporal differencing will introduce clutter leakage noise.
Since the spatial -temporal differencing technique assigns the weighting coefficient K's which are based on background radiance on the pixels to the twenty -six pixels in the three consecutive frames, the clutter noise can be reduced. Background leakage noise for both second order temporal differencing and spatialtemporal differencing are plotted in the Figure 2 for comparison.
Reduction of Boresight Errors
Boresight error occurs when a comparison is made from two different pixels in the same or different mosaic detection system stare at the same background position at the same time. The error is principally due to different sizes of footprint and orientation in the two pixels. The difference of the radiance in these two pixels will introduce errors.
The spatial-temporal processing algorithm, as explained in the last section, can be used to reduce the errors with two modifications. The modifications are expressed as 
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The spatial transfer function for detector is expressed as
where L is the detector footprint size.
The transfer function of "stare" can be expressed as
where COT is the temporal frequency and T is the stare time. Temporal and spatial frequencies can be related as
where Vx and Vy are the background velocities in the x-and y-directions, respectively.
Two different background suppression techniques, temporal differencing and spatial-temporal differencing, will be discussed as follows.
Temporal Differencing
Frame-to-frame differencing is well known(2) and the transfer function of the Nth order temporal differencing is
The clutter leakage noise a^2 o f temporal differencing can be expressed as
Spatial-Temporal Differencing A spatial-temporal differencing optimized for linear filtering constraint is developed. Using the method of undetermined multipliers, derivation of the transfer function for spatial-temporal differencing is shown in the appendix. Figure 1 , for example, shows three different temporal frames of nine pixels each. If there is a relative motion between background and sensor, the radiance measured at the center pixel in the three different frames are not equal. Thus, the second temporal differencing will introduce clutter leakage noise.
Since the spatial-temporal differencing technique assigns the weighting coefficient K f s which are based on background radiance on the pixels to the twenty-six pixels in the three consecutive frames, the clutter noise can be reduced. Background leakage noise for both second order temporal differencing and spatialtemporal differencing are plotted in the Figure 2 for comparison.
Reduction of Boresight Errors
Boresight error occurs when a comparison is made from two different pixels in the same or different mosaic detection system stare at the same background position at the same time. The error is principally due to different sizes of footprint and orientation in the two pixels. The difference of the radiance in these, two pixels will introduce errors. where Tf is the integration time which may be different from the stare time. Secondly, only nine correlation coefficients need to be evaluated. Figure 3 represents two sets of data from two different pixels staring at the same background.
Boresight errors at the center pixel can be reduced by using the crosscorrelation coefficients among the nine pixels. Boresight errors as a function of the pixels displacement are shown in Figure 4 .
Evaluation of Combined Effects of Drift and Jitter
A space -based staring mosaic detection system, in addition to the effect of drift, always has some random pointing error or jitter. It results in a relative irregular motion between spacecraft and fixed background position.
The total clutter noise, which is due to the combined effects of drift and jitter, is required to evaluate the system performance. Only temporal differencing is used to analyze the drift and jitter effects.
To calculate these effects, Equation (6) where J(w) is the jitter frequency spectrum. The effect of jitter makes that the stare and differencing operations are no longer independent of each other as in the case of drift. Effects of combined drift and jitter motion for a given jitter frequency spectrum is shown in Figure 5 .
Conclusions
Some of the background leakage noise sources through temporal differencing and spatial -temporal differencing have been calculatedin this paper. A comparison of the results for second order temporal differencing to spatial-temporal differencing shows that the spatial -temporal differencing can reduce the clutter leakage by a factor of four relative to second order temporal differencing at higher drift rates.
Boresight errors can be reduced by a factor of two.
However, spatial -temporal differencing does not result in a significant enough performance improvement at low drift rates. Thus, additional study is needed to see whether the increased complexity of the signal processor is worth while.
Results indicate that in the presence of jitter effect, second order differencing performs no better than first order differencing at low drift rates. It also indicates that the jitter effect might be dependent on the drift condition. Therefore, drift and jitter effects cannot be treated separately.
Appendix. Mathematical Formulation of Spatial-Temporal Differencing Variance for Spatial -Temporal Differencing Algorithm
The general expression for linear combinations of a three -dimensional process can be expressed as follows:
where the Kijk are constants to be determined, Dijk denotes a sample of the output of a particular frame and pixel where the indices i,j,k corresponds to two spatial dimensions x,y and one temporal dimension t, respectively. Furthermore, the following linear constraint is imposed so that the DC background can be eliminated, i.e., HU, HO where Tf is the integration time which may be different from the stare time. Secondly, only nine correlation coefficients need to be evaluated. Figure 3 represents two sets of data from two different pixels staring at the same background. Boresight errors at the center pixel can be reduced by using the crosscorrelation coefficients among the nine pixels. Boresight errors as a function of the pixels displacement are shown in Figure 4 .
Evaluation of Combined Effects of Drift and Jitter
A space-based staring mosaic detection system, in addition to the effect of drift, always has some random pointing error or jitter. It results in a relative irregular motion between spacecraft and fixed background position. The total clutter noise, which is due to the combined effects of drift and jitter, is required to evaluate the system performance. Only temporal differencing is used to analyze the drift and jitter effects. To calculate these effects, Equation (6) here J(w) is the jitter frequency spectrum. The effect of jitter makes that the stare and differencing operations are no longer independent of each other as in the case of drift. Effects of combined drift and jitter motion for a given jitter frequency spectrum is shown in Figure 5 .
Conclusions
Some of the background leakage noise sources through temporal differencing and spatial-temporal differencing have been calculatedin this paper. A comparison of the results for second order temporal differencing to spatial-temporal differencing shows that the spatial-temporal differencing can reduce the clutter leakage by a factor of four relative to second order temporal differencing at higher drift rates. Boresight errors can be reduced by a factor of two. However, spatial-temporal differencing does not result in a significant enough performance improvement at low drift rates. Thus, additional study is needed to see whether the increased complexity of the signal processor is worth while.
Appendix. Mathematical Formulation of Spatial-Temporal Differencing
Variance for Spatial-Temporal Differencing Algorithm
The general expression for linear combinations of a three-dimensional process can be expressed as follows:
where the K-y are constants to be determined, D-JJ^ denotes a sample of the output of a particular frame and pixel where the indices i,j,k corresponds to two spatial dimensions x,y and one temporal dimension t, respectively. Furthermore, the following linear constraint is imposed so that the DC background can be eliminated, i.e.,
The evaluation of the variance of D can be simplified if we make the following transformation, i.e., Substituting Equations (A -5) and (A -6) into Equation (A -4) , we obtain
Since E(DQ2) = E(DQo2) for all values of k, Equation (A -7) can be rewritten as follows:
The relation between correlation coefficients ru. and E(DQDk,) is Equation (A -10) expresses the total variance of a spatial -temporal differencing algorithm in terms of correlation coefficients between pixels and individual variance of pixel. The variance of pixel depends on the variances of responsivity and dark current, as well as background and system noise.
The correlation coefficients between pixel, in addition to the parameters mentioned for the variance of pixel, is determined by the correlation coefficients of the background, the responsivity and dark current of the pixel.
All those parameters are fixed once the system is chosen and the background is measured.
The only variable that can be changed is Kk's. The total variance can be minimized by proper choice of KQ's.
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The evaluation of the variance of D can be simplified if we make the following transformation, i.e., The correlation coefficients between pixel, in addition to the parameters mentioned for the variance of pixel, is determined by the correlation coefficients of the background, the responsivity and dark current of the pixel. All those parameters are fixed once the system is chosen and the background is measured. The only variable that can be changed is K^'s. The total variance can be minimized by proper choice of K^! s. The value of K f s can be evaluated numerically and are substituted into Equation (A-10) to obtain the minimum value of total variance. 
